Several types of granites including alkaline granites and alkali feldspar granites are distributed in the Karamaili tectonic belt of East Junggar, Xinjiang, China. Some medium-small tin deposits are located within or near the contact zones of the granitic intrusions. The alkaline granites share all the features commonly observed in peralkaline A-type granites. They contain alkalic mafic minerals such as riebeckite and aegirine; have high contents of SiO 2 , alkalis, Rb, Th, Zr, Hf, REE (except Eu), and high ratios of FeO*/MgO and Ga/Al; and show strong depletions in Ba, Sr, Eu in the spidergrams. Laser ablation-ICPMS U-Pb zircon geochronology indicates a crystallization age of ca. 305 Ma for the granites; TIMS analyses of the granites found high ε Nd (T) values of +5.9 to +6.5. Considering their geochemical features, alkaline granites most likely formed by fractional crystallization of granodioritic magmas, which were probably produced by partial melting of lower crustal basaltic to andesitic rocks formed from oceanic crustal materials that were deeply buried during late Paleozoic subduction and accretion. Six molybdenite samples from the Sareshike tin deposit in East Junggar yielded an isochron age of 307 ± 11 Ma (2σ) and a weighted mean model age of 306.5 ± 3.4 Ma, consistent with zircon U-Pb ages of the alkaline granites. Low Re contents (0.323-0.961 ppm) in the molybdenite suggest that they originated from crustal sources related to the alkaline granites. Considering their identical ages, close spatial distribution, and similar sources, we argue that the A-type granites have a genetic relationship with the tin mineralization, and that the same association may be important elsewhere.
INTRODUCTION
The origin and significance of A-type granite is currently one of the most debated topics in petrology and geochemistry. Unlike I-(igneous) and S-(sedimentary) type granites, the original definition of A-type granites did not imply a specific source, but instead emphasized what was thought to be their "anorogenic" tectonic setting and relatively alkaline and anhydrous magmatic character (Chappell and White, 1974; Loiselle and Wones, 1979) . However, more recent studies have shown that Atype granites can contain water up to several weight percent (Clemens et al., 1986; Klimm et al., 2003) , can be metaluminous or even peraluminous (Collins et al., 1982; Rajesh, 2000; Vernikovsky et al., 2003) , and occur in a variety of tectonic settings such as post-collision Fryer, 1993; Sylvester, 1994; Wu et al., 2002) , the variety of tectonic settings in which they formed, the complexity of associated rocks (Collins et al., 1982; Turner et al., 1992; Rajesh, 2000; Frost et al., 2002) , and perhaps most importantly, the large geochemical differences in major and trace element and Sr-Nd isotopic compositions between different A-type granitic intrusions, it appears that these magmas can be generated by a variety of processes and from various sources. Thus, no general petrogenetic model can be used to explain all A-type granites. Also, while numerous papers about A-type granites have discussed their petrogenesis and tectonic setting, the relationship between A-type granites and association mineralization is not well understood. This paper examines the petrogenesis of A-type granites from northwestern China and their relationship with associated tin mineralization.
The A-type granites of this study are from Northern Xinjiang, which contains large amounts of mineral resources, and is a part of the gigantic Central Asian Orogenic Belt. Its special tectonic significance and great economic potential have drawn geologists from China and other countries to the area. On each side of Junggar Basin in Northern Xinjiang, immense volume of A-type granites with high, positive ε Nd (T) values were emplaced. These rocks may be crucial for us to understand important issues such as the nature of the basement beneath the Junggar Basin, Phanerozoic crustal growth models, and deep seated geologic processes in Northern Xinjiang. Although Chen and Jahn (2004) , Chen and Arakawa (2005) and Han et al. (1997) have discussed A-type granites from West Junggar and Ulungur River area, East Junggar, few studies have been performed on Karamaili A-type granites from East Junggar. The Karamaili region is an important tin metallogenic belt, in which some medium-small tin deposits are located within or near the contact zones of granitic intrusions, and these deposits have been thought to be closely related to the origin of the granitic magmatism (Bi et al., 1993; Liu et al., 1997; Yu et al., 1998) . However, there is little direct information on the age of mineralization and the source of oreforming materials.
In this paper, we present new zircon U-Pb ages and geochemical and Nd isotopic compositions for the alkaline A-type granites distributed to the north of the Karamaili tectonic belt, and report Re-Os isotopic ages of molybdenite samples from the Sareshike tin deposit. The petrogenesis of the alkaline granites and their relationship with the tin deposits are discussed on the basis of the available geochemical and isotopic data.
GEOLOGICAL SETTING
The East Junggar region is located geographically at the northeastern margin of Junggar Basin, Xinjiang, and tectonically at the juncture of Siberian and KazakhstanJunggar palaeoplates. Three NW-SE trending A-type granite belts are distributed in this region, from north to south along the Irtysh-Mayinebo, Ulungur and Karamaili faults respectively (Xin et al., 1995) . Han et al. (1997) found that the alkaline A-type granites along the Ulungur fault were emplaced at about 300 Ma with ε Nd (T) values ranging from +5.1 to +6.7, and proposed that they formed through extensive fractional crystallization of mantlederived mafic magmas.
Parallel to the A-type granite belts, two ophiolite belts, Aermantai and Karamaili, occur sporadically along deep faults. The Karamaili ophiolite has been considered to be a remnant of a small oceanic crust (Li et al., 1990; Li, 1995) , but its age is still controversial. Shu and Wang (2003) and Tang et al. (2007) suggested a middle-late Devonian age. Plagiogranites within Karamaili ophiolite suite have a SHRIMP U-Pb zircon age of 373 ± 10 Ma, and their ε Nd (T) values are about +9.4, which is suggestive of derivation from depleted mantle (Tang et al., 2007) . Based on the study of the ophiolites, tectonic evolution of the East Junggar area is thought to have occurred in four main stages: continental crust stretching (Precambrian), oceanic basin formation (OrdovicianSilurian), oceanic basin subduction (Devonian-Carboniferous), and post-orogenic extension (late Carboniferousearly Permian) .
The stratigraphic sequence outcropping in the study area is mainly composed of Devonian to Carboniferous tuffaceous siltstones and volcanoclastics (Fig. 1) . A few Silurian rocks are scattered to the south of the Karamaili tectonic belt. Granitic magmatism occurs extensively in this area, which produced many types of rocks including I-type monzogranites and granodiorites, as well as A-type hornblende granites, biotite granites and alkaline granites (Fig. 1) . All of these granitic intrusions are developed as hypabyssal, shallow-hypabyssal apophyses or small stocks. A-type biotite granites crop out widely, but the I-type granodiorites are restricted to a small area. For a long time, biotite granites and hornblende granites which are rich in alkalis but do not contain alkali mafic minerals were thought to be of S-type character and origin (Bi et al., 1993; Yu et al., 1998) ; however, the recent study conducted by Su et al. (2006) concluded that they are actually typical aluminous A-type granites.
It is notable that many medium-small tin deposits (such as Sareshike and Beilekuduke) are located within or near the contact zones of granitic intrusions; these deposits are being mined at a small scale. In accordance with the mineral association and their occurrence, the ores can be divided into three types including cassiterite-quartz vein, greisen, and stanniferous altered granite types. Granite alteration including greisenization, albitization, and po-tassic alteration is closely associated with the mineralization.
PETROLOGICAL DESCRIPTION
The alkaline granites are light gray to red in colour, and massive with a fine-to coarse-grained granitic texture. Miarolitic cavities with diameters of 0.1 to 0.2 centimeter are sometimes observed. These rocks are mainly composed of alkali feldspar and quartz, with small amounts of plagioclase and mafic minerals such as amphibole. Alkali feldspar is dominantly perthite, and plagioclase is mostly albite plus small abundances of oligoclase. Quartz-alkali feldspar intergrowths and micrographic textures are common. Mafic minerals consist of amphibole and minor aegirine and biotite, which mainly form irregular crystals interstitial to alkali feldspar and quartz. Among them, amphibole is riebeckite and arfvedsonite that occurs as prismatic, subhedral to euhedral grains; biotite has Fe-rich and Mg-poor compositions that are siderophyllite (Liu et al., 1996) and forms subhedral to euhedral flakes. Aegirine occurs as short Chen and Jahn, 2004) . Sample sites are indicated with numbers corresponding to sample numbers in Table 3 , with the exclusion of the " HY" prefix. Three samples (HY19, HY20, HY34) are from Sabei pluton, the others from Huangyangshan pluton.
prismatic, subhedral to anhedral grains found as cores in amphibole; relics of aegirine partly reacted to riebeckite are often present. Accessory minerals include zircon and Fe-oxide. Notably, both fine-grained mafic enclaves and leucogranitic enclaves are common in the alkaline granites.
The ores in this study were collected from the Sareshike tin deposit, which is mainly of the cassiteritequartz vein type. The ore minerals include cassiterite, with minor magnetite, molybdenite, and chalcopyrite. The gangue minerals are dominated by quartz, accompanied by feldspar, riebeckite and muscovite. It is notable that molybdenite was found for the first time in these deposits. Six molybdenite samples were selected from one tunnel. They occur as blocky or disseminated crystals embedded in other minerals.
ANALYTICAL METHODS
Major-element concentrations of whole rock samples were analysed by wet chemical method at Institute of Geochemistry, Chinese Academy of Sciences (CAS). Trace-element concentrations were obtained by inductively coupled plasma-mass spectrometry (ICP-MS) at Guangzhou institute of Geochemistry, CAS. Sm-Nd isotopic analyses were conducted on a multicollector MAT-262 Thermal Ionization Mass Spectrometer (TIMS) in static mode at Memorial University of Newfoundland (MUN), Canada. Approximately 0.1 g of whole-rock powder was dissolved using a mixture of HNO 3 -HF acids, and Nd was separated using standard ion exchange chemical techniques. Repeated TIMS measurements made during this study gave a 143 Nd/ 144 Nd ratio of 0.511885 ± 15 (2σ, n = 25) for the La Jolla Nd standard. All of the measured 143 Nd/ 144 Nd ratios were normalized to 146 Nd/ 144 Nd = 0.7219 to correct for instrumental mass fractionation, and the reported Nd isotopic ratios have been adjusted relative to the recommended value (0.511860) for the La Jolla Nd standard.
U-Pb zircon analyses for granites were measured by laser ablation (LA)-ICPMS at MUN. All zircon grains were separated by routine approaches employing heavy liquids, purified by handpicking carefully under a binocular microscope, and mounted in epoxy. Cathodoluminescence images (CL) were made prior to isotopic measurements in order to facilitate locating sample sites in petrographic mounts and study the internal structure of the grains. U-Pb isotopic analyses were carried out on a HP 4500 ICP-MS linked to a New Wave Research UP-213 Nd:YAG laser ablation system (λ = 213 nm). A laser frequency of 10 Hz and a spot size of 40 µm were used for ablation. The ablated material was continuously transported in helium gas (1.2 l/min) from the ablation cell to ICP-MS for isotopic measurement, being mixed with argon just prior to the torch. During the analytical sessions, in-house standard 02123, a natural zircon with U-Pb isotopic age of 295 Ma, was used to correct for mass bias and U-Pb fractionation. Mass 204 was monitored to ensure there were no significant amounts of common Pb present in any particular analyses. Raw data were processed using the software program, LAMTRACE (Jackson et al., 1996) . Weighted mean ages and concordia plots were determined using the program of Isoplot/Ex (Ludwig, 1999) . The Plešovice zircon reference standard (Sláma et al., in review) was analysed as an unknown to evaluate the accuracy of the LA-ICPMS measured ages. The weighted mean of the 206 Pb/ 238 U ages determined for the Plešovice zircon in this study (Fig. 2) is consistent with the accepted age, 336.9 ± 0.2 Ma (2SD), determined previously by isotope dilution-TIMS (Sláma et al., in review) .
Molybdenite Re-Os isotopic analyses were performed in the National Research Center of Geoanalysis, Chinese Academy of Geosciences. All analyzed molybdenite grains were crushed and dipped in hydrofluoric acid (in order to dissolve quartz associated with molybdenite) and then purified by handpicking carefully under a binocular microscope. The purity of the mineral separates exceeds 98%. The details of the chemical procedure have been described by Du et al. (1994) , Shirey and Walker (1995) , Markey et al. (1998) , Stein et al. (2001) and Qu and Du (2003) . In order to determine the Re and Os contents in molybdenite accurately, a mixed 190 Os and 185 Re spike solution was added to the bottom part of a Carius tube in which the weighed sample was loaded through a long thinneck funnel. Separation of Os was achieved by distillation firstly, and then separation of Re by extraction. A as 221.3 ± 0.3 Ma (Stein et al., 1997) , and two measurements of HLP-5 made in this study gave ages of 218.3 ± 2.6 Ma and 218.9 ± 2.8 Ma. The age uncertainty for each sample is about 1.3% resulting from uncertainties of the 187 Re decay constant, the isotopic measurements and spike calibrations.
GEOCHRONOLOGY

Ages of the alkaline granites
All the zircons selected for analysis are igneous in origin, being characterized in particular by highly transparency, euhedral form, and clear, oscillatory zonation. The U-Pb analytical results for the zircons are given in Table 1 and Fig. 3 . In conventional U-Pb concordia diagrams (Fig. 3) , most zircon grains plot on the concordia, and only a few points deviate slightly off it. The weighted mean 206 Pb/ 238 U ages are shown in Fig. 3 and are the preferred ages for concordant samples because uncertainties in the blank and common Pb composition has little influence on this age, whereas it can affect the 207 Pb/ 235 U and 207 Pb/ 206 Pb ages dramatically. Three 206 Pb/ 238 U ages for the alkaline granites were obtained, two from Huangyangshan with ages of 302 ± 2 Ma (n = 20, MSWD = 4.1) and 310 ± 4 Ma (n = 11, MSWD = 7.5), the third one from Sabei with age of 306 ± 3 Ma (n = 18, MSWD = 3.4). All these results are similar to one another so their average age (ca. 305 Ma) can be taken as the emplacement age of the alkaline granites. Su et al. (2006) reported U-Pb isotopic data for the zircons from the neighboring alkali feldspar granites at Sujiquan. The 206 Pb/ 238 U age for Sujiquan body is 304 ± 2 Ma, consistent with the ages of the alkaline granites determined in this study. This consistency, plus similar ε Nd (T) values (discussed below), suggests that the alkaline granites and alkali feldspar granites might be the products of cogenetic magmas.
Ages of mineralization
The concentrations of Re and Os and the osmium isotopic compositions of molybdenite from the Sareshike tin deposit are presented in Table 2 . In general, molybdenite (MoS 2 ) can incorporate Re but contain little or no Os at the time of crystallization (Mao et al., 1999; Stein et al., 2001) . In practice, actual measurements indicate that molybdenite from some deposits contain minor but significant common (initial) Os (Mao et al., 2003; Hou et al., 2004) and this is the case for the molybdenite studied here (especially in sample HY38-1). Thus, initial 187 Os (Fig. 4) , six points define an isochron with an age of 307 ± 11 Ma (MSWD = 3.9) and initial 187 Os of 0.030 ± 0.058 ng/g. This value is consistent (within analytical uncertainty) with the U-Pb zircon ages (ca. 305 Ma) of the alkaline granites. Liu et al. (1996) reported a U-Pb zircon age of 263.6 ± 3 Ma from cassiterite-quartz veins as an age of mineralization; obviously, their result is significantly younger than that of our study. The reason for this discrepancy is not clear, because Liu et al. (1996) presented their result without original data or a detailed explanation. Chen et al. (1999) obtained a mineralization age of 305 ± 25 Ma for the Ganliangzi tin deposit occurring in the same tin metallogenic belt as the Sareshike deposit, derived by RbSr dating of fluid inclusions hosted by quartz grains. Their result is in good agreement with our Re-Os age, though less precise. Nevertheless, the agreement between U-Pb, Re-Os and Rb-Sr isotopic results suggests that both Atype granite magmatism and mineralization in the tin metallogenic belt in eastern Junggar probably formed about 305 Ma ago (late Carboniferous).
GEOCHEMISTRY
Major and trace elements
The major-and trace-element compositions for the alkaline granites are given in Table 3 . The rocks are highly siliceous, with SiO 2 content ranging from 74.31 to 79.83 wt%. They have low abundances of Al 2 O 3 (7.68-11.65 wt%), CaO (0.18-0.99 wt%), MgO (0.10-0.26 wt%), FeO* (1.70-3.15 wt%), and high contents of alkalis with Na 2 O + K 2 O = 7.03%-8.41 wt%. All these characteristics are typical of A-type granites. MnO abundances range from 0.10% to 0.18 wt%, which is about 2-3 times higher than average A-type granites worldwide (0.06 wt%, Whalen et al., 1987) ; and their FeO*/MgO ratios range from 9.52 to 31.5, most of which are higher than those of fractionated I-and S-type granites (Whalen et al., 1987) . In the diagram of A/NK vs. A/CNK (Fig. 5) , the alkaline granites plot mainly in peralkaline field. From a CIPW calculation, most samples have normative acmite (ac) and sodium metasilicate (ns), which is consistent with their strong enrichment in alkalis and the presence of alkali mafic minerals.
In primitive-mantle normalized spidergrams (Fig. 6 ), the alkaline granites are enriched in some LILE (large ion lithophile elements) (Rb, Th, U, K) and HFSE (high field strength elements) (Ta, Zr, Hf), but strongly depleted in Ba, Sr, Eu, and to a lesser extent, Nb. They generally have high Sn concentrations ranging from 2.93 to 11.47 ppm, with an average value of 6.81 ppm, and pronounced positive Sn anomaly is observed in the spidergrams. Their 10000 × Ga/Al ratios are also high, ranging from 3.78 to 6.43, and clearly higher than the average values of 2.10 and 2.28 for I-and S-type granites, respectively (Whalen et al., 1987) . In discrimination diagrams for granites based on their 10000 × Ga/Al ratios (Whalen et al., 1987) , all the alkaline granite samples fall in the A-type granite field (Fig. 7) .
The alkaline granites (except sample HY6) have high total rare earth element (REE) abundances, up to 343.5 ppm for sample HY5. The chondrite-normalized REE patterns show slight enrichment in light REE (LREE) with (La/Yb) N ratios of 1.23-4.72. Both the LREE and heavy REE (HREE) part of the patterns are flat with (La/Sm) N = 1.33-2.66 and (Gd/Yb) N = 0.95-1.66. It is worth noting that all the samples have very large negative Eu anomalies (Eu/Eu* = 0.01-0.07), and hence the REE patterns are typical V-shaped (Fig. 8) . Table 3 .
Nd isotopes
Geochemical compositions of the alkaline granites from East Junggar Note: A/CNK = molar ratio of Al 2 O 3 /(CaO + Na 2 O + K 2 O), A/NK = molar ratio of Al 2 O 3 /(Na 2 O + K 2 O). The last three samples (HY19, HY20, HY34) from Sabei pluton, the others from Huangyangshan pluton.
termined here and three samples of aluminous A-type, biotite granites from Sujiquan reported previously by Su et al. (2006) . The initial Nd isotopic compositions are calculated using an age of 305 Ma. As shown in Table 4 , all the alkaline granites possess high positive ε Nd (T) values between +5.9 and +6.5 and relatively young two-stage Nd model ages (T DM2 ), ranging from 538 to 587 Ma. Based on their Nd isotopic compositions, the late Carboniferous (ca. 305 Ma) alkaline granites of the Karamaili tectonic belt of eastern Junggar were probably derived by partial melting of either: (1) juvenile crust that had formed during the Eocambrian; or (2) a mixture of depleted mantle and ancient (Precambrian) crust. Turner et al. (1992) and Han et al. (1997) suggested that A-type granites with high positive ε Nd (T) and low I Sr values from South Australia and North Xinjiang were generated by extensive fractional crystallization from mantle-derived mafic magmas. Nd isotopic results determined here show that the alkaline granites in the Karamaili tectonic belt have ε Nd (T) values ranging from +5.9 to +6.5, which are much higher than those for A-type granites from South Australia, with ε Nd (T) values of +2 to -3 (Turner et al., 1992) . This could be interpreted to indicate that the alkaline granites in this study were also from extreme fractionation from mantle-derived, mafic magmas. However, the following points are not in favor of this model:
DISCUSSION
Petrogenesis of the alkaline granites
(1) Large volumes of gabbroic and dioritic rocks might be expected to be cropping out around the alkaline gran- Sun and McDonough (1989) . Whalen et al. (1987) , showing the Atype nature of the alkaline granites from East Junggar. The symbols are the same as those in Fig. 5. ites if extensive fractional crystallization took place, but these rocks are rarely found. In fact, many geologists have noted previously that mafic-intermediate rocks which are spatially and temporally associated with A-type granites are usually rare to absent, and so they have argued against the extensive differentiation model (Sylvester, 1989; Wu et al., 2002) ;
(2) As silicate minerals such as hornblende and clinopyroxene have low partition coefficients for Nb and the fractionation of these minerals have little influence on Nb/Ta ratios (Green, 1995) , the differentiates of basic magmas are likely to have little or no negative Nb anomalies in the spidergrams (Han et al., 1997) , but this is not the case for the alkaline granites here. Fractionation of titanate minerals with high partition coefficients for Nb can result in the Nb depletion, but this will increase Nb/ Ta ratios in residual magmas simultaneously (Green, 1995) , which is not observed for the alkaline granites in this study; (3) Discrimination diagrams of Pearce (1996) and Eby (1992) reveal that the alkaline granites are similar to postcollision granites of other terranes (Fig. 9a) , and more specifically fall into the A2 subgroup (Fig. 9b) . Eby (1992) proposed that the A2 subgroup represents magmas derived from continental crust or underplated crust that has been through a cycle of continent-continent collision or island-arc magmatism, mainly because this subgroup is characterized by ratios that vary from those observed for continental crust to those observed for island-arc basalts. This is not consistent with an origin of the granites by fractionation of mantle-derived magmas; Su et al. (2006) . Sun and McDonough (1989) .
Fig. 8. Chondrite-normalized REE patterns for the alkaline granites from East Junggar. The gray line without marks represents the composition of the model as predicted by REE modeling. The chondrite values for the normalization are from
relatively large variation of T DM because of the variation of f Sm/Nd ; however, their two-stage model ages (T DM2 ) are some 250 Ma older than their crystallization ages and fall within a narrow range. Consequently, the alkaline granites were not derived directly from a depleted mantle, but instead most likely interacted with crustal sources. Clemens et al. (1986) and Collins et al. (1982) suggested that A-type granites resulted from partial melting of granulitic residue from which a I-type granitic melt had been previously extracted; this residual model could explain why A-type magmas would contain less amounts of H 2 O and occur later in the magmatic history of a terrane than S-or I-type magmas. However, more experimental studies indicated that a residual source will be enriched in Ca, Al and Mg and depleted in K, Si and incompatible elements relative to the original protolith (Creaser et al., 1991) , and such a residue is unlikely to generate A-type melts with high SiO 2 and alkalis contents. Furthermore, A-type granites can contain water up to 4.5-6.5% (Dall'Agnol et al., 1999) . King et al. (1997) showed that aluminous A-type granites in the Lachlan Fold Belt had similar H 2 O contents to those of I-type granites. It seems increasingly obvious that crustal rocks that have not undergone any previous partial melting event can be involved in the generation of A-type granites.
Some researchers have noted that dehydration melting of I-type tonalitic or granodioritic rocks in the shallow crust may result in the generation of magmas with Atype affinity (Creaser et al., 1991; Patiño Douce, 1997 ), but this model cannot explain the geological and geochemical characteristics of the peralkaline A-type granites in this study, because: (1) Partial melts of granodioritic rocks do not have the same major element compositions as peralkaline A-type granites; for example, the former are more enriched in alkalis and depleted in FeO* (Fig. 10) ; (2) Alkaline granites and I-type granodiorites of eastern Junggar were generated at similar times and emplaced at similar tectonic setting; thus, the I-type granodiorites cannot represent an A-type source for partial melting in this particular region. The possibility of direct partial melting of a more ancient (preEocambrian) I-type granitic source is unlikely based on the high ε Nd (T) values of the alkaline granites. Pearce (1996) Eby, 1992) . Same symbols as Fig. 5 . Beard et al. (1994) , Beard and Lofgren (1991) respectively.
. ORG-Ocean Ridge Granites, VAG-Volcanic Arc Granites, syn-COLG-syn-collision Granites, post-COLG-postcollision Granites, WPG-Within Plate Granites; (b) Nb-Y-Ce discriminant diagram for the subdivision of A-type granites (after
More recently, Rajesh (2000) and Frost et al. (2002) pointed out that A-type granites are often associated in space and time with anorthosite and charnockite complexes, with which they may have had a close genetic relationship. For example, A-type granites may be generated by partial melting of lower crustal charnockitic rocks or by differentiation of ferrodioritic magmas residual to anorthosite. These models can be ruled out in eastern Junggar because such source rocks have not been found in the Karamaili tectonic belt although partial melting of charnockite could explain the major element characteristics of the peralkaline A-type granites (Fig. 10) .
From above discussion, we consider that the alkaline granites of eastern Junggar may have been formed by fractional crystallization of the parent magmas of the I-type granodioritic rocks of the region. Partial melting process alone cannot be used to explain the geochemical characteristics of the alkaline granites. The granodioritic rocks associated with the alkaline granites have high Ba and Sr concentrations and negligible negative Eu anomalies (unpublished data). Moreover, they possess ε Nd (T) values of about +6.1 (unpublished data), which are identical to those of the alkaline granites. Hence they can be regarded as the parental magmas for the alkaline granites.
From the granodiorites to the alkaline granites, with increasing SiO 2 content, concentrations of major elements (such as Al 2 O 3 , CaO, FeO*) and trace elements (such as Sr, Co) and some ratios (such as NK/A, 10000 × Ga/Al) show regular linear variation trends (Fig. 11) , consistent with a comagmatic relationship between these temporally and spatially associated rocks. There are apparent gaps in the silica range between the granodiorites and alkaline granites in Fig. 11 but this may simply be because sampling of granodioritic rocks has been restricted to only small areas. FeO*, MgO, Co, and Cr contents all decrease significantly with increasing SiO 2 , which is interpreted as the result of fractionation of ferromagnesian phases such as biotite and hornblende. The strong depletions in Ba, Sr and Eu as shown in the spidergrams and REE patterns may result from the fractional crystallization of plagioclase and potassium feldspar during magma evolution. In addition, the Ba vs. Sr relationships shown in Fig.  12 suggest that the fractionation of plagioclase and potassium feldspar both played a major role in earlier differentiation stages, but that potassium feldspar separation dominated in later stages. Therefore, the alkaline granites could have been generated by differentiation of the granodioritic melts via removal of plagioclase, potassium feldspar, biotite, and hornblende.
Previous studies (Clemens et al., 1986; Turner et al., 1992; Landenberger and Collins, 1996) show that both alkalis and fluorine contents increase in residual granitic magmas with fractionation. HFSE such as zirconium in alkali-fluorine rich magmas will form alkali-fluorocomplexes, leading to precipitation of zircon and the enrichment of alkalis and fluorine in the evolved magmas. Malvin and Drake (1987) noted that plagioclase fractionation can account for depletion of Sr and Ba and high 10000 × Ga/Al ratios in residual magmas that could have formed A-type granites.
In order to illustrate a plausible fractional crystallization origin for the alkaline granites, the equation for Rayleigh fractional crystallization was used:
in which C l is the concentration of an element in the residual liquid, C 0 is the concentration of an element in the original parent magma, f is the fraction of remaining melt and D is the bulk distribution coefficient for the element. For the model, a granodioritic rock from eastern Junggar (H-f, Tang, unpublished data) and sample HY13 of this study were used to represent the original parent magma and residual liquid respectively. The proportion of the fractionating mineral assemblage was 43% plagioclase, 40.5% K-feldspar, 6% hornblende, 6.5% biotite, 4% quartz, 0.03% allanite and 0.03% zircon, and the fraction of remaining melt was 25% ( f = 0.25). These assumed parameters may be valid, the evidences include: (1) High SiO 2 contents of the alkaline granites reveal a much greater degree of fractionation; (2) The geochemical properties show that fractionation is dominated by removal of both plagioclase and potassium feldspar, with minor involvement of hornblende and biotite (see the above discussion); (3) Allanite should be included in the calculation to reduce LREE contents of residual melt, zircon should also be used to explain the observed REE patterns of the alkaline granites. With these parameters, model compositions were calculated using literature values for partition coefficients for dacites and rhyolites. The results show that the calculated composition of the residual magma agrees well with observed compositions of the alkaline granites (Table 5) , including the REE patterns (Fig. 8) . The main implication of the model is that granodioritic magmas would have had to have undergone high degrees of fractional crystallization (75%) in order to produce residual magmas with compositions like those of the alkaline granites.
The granodioritic rocks of eastern Junggar were most likely produced by partial melting of lower crustal basaltic to andesitic rocks. Figure 10 shows that partial melts of basalt and basaltic andesite sources at 900-1000°C (Beard and Lofgren, 1991) fall within the field of the granodioritic rocks. Experimental investigations conducted by Rapp and Watson (1995) also demonstrated that intermediate to silicic melts could be produced by dehydration melting of basaltic rocks. Combined with the high ε Nd (T) values of the granodiorites and alkaline granites, consistent with their derivation from Eocambrian crustal rocks, source rocks may have been deeply buried into the lower crust during late Paleozoic subduction and accretion (Chen and Jahn, 2004; Chen and Arakawa, 2005) . This perspective is supported by the evidence that partial melting of basic oceanic crustal materials can yield highly siliceous acidic magmas (Peacock et al., 1994) . Moreover, Kwon et al. (1989) argued that aluminous A-type granites from West Junggar, Xinjiang, were derived from source materials with an oceanic affinity. Relationship between the alkaline granites and mineralization Tin mineralization is commonly related to fractionated, ilmenite-bearing S-type granites. These evolved peraluminous granites are thought to be the chief source of tin mineralization. They typically contain muscovite, garnet, topaz, and tourmaline, and possess low ε Nd (T) values (<0) and high initial 87 Sr/ 86 Sr ratios (Linnen, 1998; Yokart et al., 2003; Esmaeily et al., 2005) . In contrast, the alkaline granites of this study are peralkaline with an A-type affinity, and have high ε Nd (T) values between +5.9 and +6.5: they are quite different from "typical" stanniferous granites with S-type affinities. Thus, the relationship between the alkaline granites and tin mineralization in the Karamaili tectonic belt is potentially of great significance.
Although the Re-Os system may be disturbed by secondary hydrothermal alteration and give erroneous ages (McCandless et al., 1993; Suzuki et al., 2000) , our molybdenite samples were collected from one tunnel with short sampling intervals, and petrographic observations show that all the molybdenite are well-formed and form euhedral grains with no inclusions. In addition, model ages for six individual analyses cluster in a narrow range, and within error all fall along a single 187 Os-187 Re isochron. The sum of the evidence is that the Re-Os results reflect the mineralization age and not a later alteration event. Therefore, the mineralization age for the Sareshike tin deposit is consistent with the intrusive age of the alkaline granites (both are about 305 Ma). Considering both the similar age and spatial relationship between the tin deposit and the alkaline granites, we conclude that there is a close genetic connection between them. Mao et al. (1999) and Stein et al. (2001) have summarized how the Re content in molybdenite may reflect the source of the ore-forming fluids. Stein et al. (2001) suggested that deposits with a mantle component in their sources have significantly higher Re contents than those deposits that are crustally derived. By comparison with published Re contents of molybdenite from well-studied molybdenite-bearing deposits worldwide, Mao et al. (1999) concluded that Re abundances in molybdenite commonly decrease from mantle sources, to mixtures between mantle and crustal sources, and to crustal sources. The Re contents in our molybdenite are very low, with range of 0.323 to 0.961 ppm, suggesting that the oreforming fluids that formed them had a crustal affinity. Stein (2006) recently argued that low Re concentrations in molybdenite (<20 ppm and commonly at the subppm level) were a strong evidence of a metamorphic derivation, and that related deposits had sub-economic potential. In the Karamaili tectonic belt, however, almost no metamorphism has occurred in the studied area since the late Carboniferous, tin deposits in the area are presently being mined and the belt is prospective for other economic deposits. Consequently, we argue that the low Re concentrations in the studied molybdenite are indicative of a crustal source, but not of a metamorphic origin. Liu et al. (1996) found that fluid inclusions hosted within quartz from the Sareshike cassiterite-quartz veins had compositional features similar to those of the alkaline granites. Also, oxygen and hydrogen isotopic compositions of quartz in the veins suggest that the oreforming hydrothermal fluids in equilibrium with quartz had magmatic water sources. These data are compatible with the ore-forming fluids being derived from the latestage differentiation of the alkaline granitic magmas, and hence the tin deposits being of magmatic hydrothermal type.
In West Junggar, several gold deposits are closely related to the aluminous A-type granites along the Darabut tectonic belt (Li et al., 2000) . Compared to the alkaline granites in this study, the granitoids in West Junggar studied by Chen and Arakawa (2005) are less evolved with higher Ba, Sr contents and Eu/Eu* ratios and lower SiO 2 , Rb, Sn contents, which may be the reason for the lack of Sn mineralization in West Junggar. Although like the tin deposits, the known gold deposits are small to medium in size, they are important because they provide a good opportunity to study the relationship between A-type granites and metal mineralization. They also have significance for developing exploration strategies for mineral resources associated with A-type granites in Northern Xinjiang and in other areas.
CONCLUSIONS
(1) The alkaline granites from the Karamaili tectonic belt possess characteristics of typical peralkaline A-type granites: they contain alkalic mafic minerals such as riebeckite and aegirine, and have high contents of alkalis but low abundances of Al 2 O 3 , CaO, MgO, FeO*. They show flat V-shaped REE patterns, and are characterized by significant enrichment of some LILE, HFSE, and strong depletion in Ba, Sr, Eu, and to a lesser extent, Nb.
(2) Weighted mean 206 Pb/ 238 U ages for three alkaline granites were obtained by LA-ICPMS measurements: two from Huangyangshan are 302 ± 2 Ma and 310 ± 4 Ma, and the third one from Sabei is 306 ± 3 Ma. These data show that the age of the alkaline granites is about 305 Ma. Six molybdenite samples from the Sareshike tin deposit, associated with the alkaline granites, yielded an 187 Re isochron age of 307 ± 11 Ma and weighted mean model age of 306.5 ± 3.4 Ma. The geochronology results suggest that both the alkaline granites and tin deposits formed in the late Carboniferous and may be genetically related.
(3) The late Carboniferous alkaline granites possess high positive ε Nd (T) values between +5.9 and +6.5 and two-stage Nd model ages (T DM2 ) ranging from 538 to 587 Ma. They were most likely formed by fractional crystallization of parental granodioritic magmas associated them. The granodiorites were most likely produced by partial melting of basaltic oceanic crustal rocks deeply buried into lower crust during late Paleozoic subduction and accretion.
(4) The Re-Os isotopic ages for the molybdenite samples reflect their mineralization age and not a later alteration event. Furthermore, the low Re contents (0.323-0.961 ppm) of the molybdenite deposits suggest a crustal source, most probably related to the alkaline granites with which they are associated. Economic tin deposits may not be genetically related only to peraluminous S-type granites, but also to peralkaline A-type granites.
